An ultra-broadband transverse magnetic (TM) pass hyperuniform disordered photonic crystal (HUDPC) polarizer is proposed and demonstrated on a silicon-on-insulator platform for the first time. Propagation of the transverse electric mode is blocked by three combined effects, including the photonic bandgap (PBG) effect, diffusive (non-resonant) scattering, and bandedge resonances. Specially, the designed 30-dB bandwidth in polarization extinction ration (PER) of 265 nm is much larger than the spectral width of the PBG (~187 nm) due to using the bandedge resonances. The TM mode is in the subwavelength regime of the HUDPC and thus has a low insertion loss (IL). An ultrawide 30-dB bandwidth in PER of 210 nm (1.44-1.65 μm) is experimentally demonstrated in a 12.9-μm-long HUDPC polarizer with spectrally averaged PER of 39.6 dB and IL for the TM mode of 1.1 dB (IL = 0.6 dB at 1.55 μm). The HUDPC polarizers can be an excellent candidate for ultra-broadband polarization filtering in the silicon photonic platform.
I. INTRODUCTION
The stealthy-type hyperuniform disordered photonic crystal (HUDPC) in the context of disordered photonics 1 is an analog of the hyperuniform configuration of particles in the condensed matter physics. 2 The sufficient condition for the hyperuniformity of a point pattern is to have the point positions that can produce structure factors which are zero for a subset of their wave vectors around the origin. 2 Without satisfying the Bloch's theorem, the isotropic, sizeable, and even complete photonic bandgaps (PBGs) were discovered in a stealthy-type HUDPC and its derivative wall network with low-density fluctuation and short-range order. 3, 4 Different types of photon transport can exist in a HUDPC, including transparency, 5 diffusion, localization, and propagation prohibition based on the PBG effect. 6 With these distinct properties, HUDPCs and hyperuniform wall networks have found applications in freeform microwave waveguides, 4 hollow-core terahertz waveguides, 7 microwave Luneburg lens, 8 photonic spectrometers, 9 and photonic network lasers. 10 In this work, we show that a HUDPC-patterned waveguide can be designed to serve as an ultra-broadband transverse magnetic (TM) pass/transverse electric (TE) block polarizer on a silicon-on-insulator (SOI) platform. Previous approaches for the SOI waveguide polarizers are based on the resonant tunneling in the asymmetric waveguide coupler structure, 11 hybrid plasmonic effect in a highly doped silicon waveguide, 12 mode leakage in the tight waveguide bends, 13 mode cut-off in the ridge waveguides 14 and subwavelength grating (SWG) waveguides, 15 polarization-dependent photonic bandgap (PBG) effect in the 2D photonic crystal (PhC) waveguides, 16 SWG _____________________________ a) Author to whom correspondence should be addressed: wzhou@ee.cuhk.edu.hk waveguides, 17, 18 and hyperuniform disordered wall networks. 19 Specifically, a polarization extinction ratio (PER) of 30 dB was demonstrated in a 15-μm-long hybrid plasmonic waveguide at the cost of 3-dB insertion loss (IL). 12 A 30-dB bandwidth in PER of 100 nm was demonstrated in the cascaded waveguide bends with a footprint of 63 μm  9.5 μm. 13 Mode cut-off was introduced in a periodic SWG with a designed 30-dB bandwidth exceeding 200 nm and a PER of 35 dB, however, a long device length of 60 μm is required. 15 With the polarization-dependent PBG effect, the PER was enhanced to 40 dB in a 17.6-μm-long SWG waveguide with a 0.4-dB IL measured at a single wavelength of 1.55 μm, while the 30-dB bandwidth was not reported. 17 A hyperuniform disordered wall network polarizer was demonstrated based on the PBG effect and diffusive (non-resonant) scattering to block the TE mode, with a 30-dB bandwidth of 98 nm and an averaged IL of 1.7 dB. 19 The proposed HUDPC polarizers are designed on a 220-nm SOI wafer with a strong birefringence. The 30-dB bandwidth of the HUDPC polarizer can be significantly improved to 265 nm while the IL is as low as 1.1 dB due to weak confinement of the TM mode in the HUDPC, compared with those (30-dB bandwidth = 98 nm and IL = 1.7 dB) of the hyperuniform disordered wall network polarizers designed on the 340-nm SOI. 19 By analyzing the reflection and scattering spectra, the proposed HUDPC polarizer operates with a new principle, i.e., transmission of the TE-polarized light is blocked by three combined effects, including the PBG effect, diffusive (nonresonant) scattering, and bandage resonances, while the TM-polarized light operates in the subwavelength regime. 20, 21 Specially, with presence of the bandedge resonances, 10 the designed 30-dB bandwidth (265 nm) is much larger than the spectral width of the PBG (~187 nm) in our proposed HUDPC polarizer, which bypasses the bandwidth limitation that is smaller than the size of PBG in the conventional PBG-based polarizers. 17, 19 Meanwhile, the spectrally averaged back reflection is less than 60%, which is much lower than those of the PBG-based polarizers 17, 19 due to resonantly enhanced scattering using the bandedge resonances. By increasing the device length to 21.5 μm, the combined effects in the HUDPC polarizer support a designed 30-dB bandwidth of 296 nm with spectrally averaged IL and PER of 1 dB and 38 dB, respectively. The experimental results show a 30-dB bandwidth exceeding 210 nm (1.44-1.65 μm), a spectrally averaged PER of 39.6 dB, and an averaged IL for the TM mode of 1.1 dB (IL = 0.6 dB at 1.55 μm) in a 12.9-μm-long HUDPC polarizer. Compared with those of the previously demonstrated polarizers, 13, 15, [17] [18] [19] our demonstrated 30-dB bandwidth and PER are at the state-of-the-art level with a relatively short device length and a low IL. Figure 1 (a) shows a schematic of the proposed TM-pass/TE-block HUDPC polarizer. The polarizer is a SOI channel waveguide patterned by disordered air holes based on a stealthy-type point pattern with a constrain factor of 0.5, produced using the collective coordinate approach. 2 Figure 1 Figure 3(b) shows the back-reflection and scattering spectra for the blocked TE mode. Inside the 30-dB bandwidth, the spectrally averaged scattering and back reflection are respectively 41.0% and 59.0%, which is much smaller than those of the periodic SWG-based polarizers (95%) 17 and that of a hyperuniform disordered wall network polarizer (82%). 19 Especially, the back reflection is only 24% at 1.502 μm. The back reflection becomes dominant due to the PBG effect when the wavelength is between two bandedges (1.525-1.712 μm). Scattering dominates in the wavelength ranges of 1.443-1.525 μm and 1.712-1.731 μm, because of excitation of bandedge radiative resonances, which are spatially localized and have low Q factors. 10 To validate, we adopted a dipole could approach 25 with excited resonances at 1.508 and 1.721 μm as shown in Fig. 3(b) . Fig. 3(b) ), two bandedge modes are localized at x = 1.1 μm and x = 1.9 μm in a HUDPC. Bandedge modes at 1.502 μm (1.721 μm) is predominantly concentrated in the air (Si), indicating the air (dielectric) bandedge mode. The PBG is associated with a wavelength region between the dielectric and air bandedge modes, 3, 4 in which light is mainly reflected. These random resonances with low Q factors are radiative, resonantly enhancing scattering at two peaks as shown in Fig. 3(b) . The TM-polarized light at  = 1.59 μm passes through the entire HUDPC (L device = 12.9 μm) with a transmission of 85.2% as shown in Fig. 3(i) . Devices were fabricated on a 220-nm-thick SOI with a single step of electron-beam lithography and reactive-ion etching. The fabricated devices were characterized with a SEM before spin-coating PMMA for measuring the transmission spectra. Figure 4(a) shows a SEM image of a device under test, including the polarization-dependent focusing subwavelength grating couplers (SWGCs) for launching the TE and TM polarizations into the SOI waveguides. 26, 27 The symmetric directional coupler functions as a polarization beam splitter/multiplexer (PBS/PBM) with a designed center wavelength at 1.563 μm and a 3-dB bandwidth over 1.44-1.68 μm. Thus, transmission spectra of the orthogonal polarizations can be measured in a single device. coupling are stitched to obtain a broadband spectrum. 28 As shown in Fig. 5(a 
II. DESIGN AND WORKING PRINCIPLE

III. FABRICATION AND CHARACTERIZATION
IV. CONCLUSION
In conclusion, we demonstrated a 30-dB bandwidth of 210 nm (limited by scan range of the tunable laser) with spectrally averaged PER of 39.6 dB and IL of 1.1 dB (IL = 0.6 dB at  = 1.55 μm) in a 12.9-μm-long HUDPC polarizer, which show one of the widest bandwidths and highest PERs with a relatively low IL and a short device length as summarized in Table 1 . A working principle, which is based on a combination of the PBG effect, diffusive scattering, and bandedge resonances in the HUDPC, was proposed to effectively block transmission of the TE mode. While the TM mode operates in the subwavelength regime with a low insertion loss. Using the bandedge resonances, the designed 30-dB bandwidth in PER (265 nm) is much larger than the spectral width of the PBG (~187 nm) in our proposed HUDPC polarizer, which bypasses the bandwidth limitation that is smaller than the size of PBG in the conventional PBG-based polarizers. 17, 19 Meanwhile, the spectrally averaged back reflection is less than 60%, which is much lower than those of the PBG-based polarizers 17, 19 due to resonantly enhanced scattering using the bandedge resonances. With an excellent and balanced performance, our proposed HUDPS polarizer is promising for the ultra-broadband polarization filtering on a silicon photonic platform.
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